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PURPOSE:To provide a silicon carbide light 
emitting diode which enables improvement 
of taking up efficiency of light. 
CONSTITUTIONS a silicon carbide light 
emitting diode wherein a surface, a rear or 
both sides thereof of a semiconductor chip (t) 
excepting a formation part of electrodes 4, 5 
are covered with a protecting film 6, the film 
6 is constituted of an iron oxide film, a tin 
oxide film and a silicon oxide film formed in 
this order in the outside. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A silicon carbide light emitting diode which consists of an iron oxide film, a tin- 
oxide film, and a silicon oxide film in which the above-mentioned protective film was formed 
outside in order in a silicon carbide light emitting diode with which a portion of the surface of 
a semiconductor chip except an electrode formation part, a rear face, or rear surface both 
sides was covered by a protective film. 

[Claim 2]A silicon carbide light emitting diode which has n form silicon carbide board 
characterized by comprising the following, n form epitaxial layer, p form epitaxial layer and 
p lateral electrode which were formed in a rear face of this in order, and n lateral electrode 
formed in the surface of n form silicon carbide board. 

A truncated cone form crevice in which n form silicon carbide board carries out [ to / from 

the surface / near the n form epitaxial layer ] a reentrant. 

A reflection film formed in a peripheral surface of this crevice. 

[Claim 3]The silicon carbide light emitting diode according to claim 2 with which the above- 
mentioned crevice counters p lateral electrode, and it is formed, and the bottom is formed in 
a large area rather than p lateral electrode. 



[Translation done.] 
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DETAILED DESCRIPTION 

■.,,.,,■. „ ,,,,., , » , ,i i, ...... ... I, . m i ■■ ■ ,, ,,, -. — ■ — — • — : — f ! r r r T W — • — t ■■. -.,_„,..,— — ... , — - - - » -— : r?r- — 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the silicon carbide light emitting diode start 
[ light emitting diode ] the silicon carbide light emitting diode which carries out blue light, 
especially it was made to have the extraction efficiency of light raised. 
[0002] 

[Description of the Prior Art]Although a light emitting diode (LED) shall emit light in green 
from red and the blue should emit light conventionally, recent years come and a high- 
intensity blue light-emitting diode came to be proposed by using the silicon carbide (it is 
hereafter described as SiC.) which can form pn junction with sufficient stability. 
[0003]As shown, for example in drawing 5 , the n form epitaxial layer 12 and the p form 
epitaxial layer 13 are specifically formed in order on n form SiC substrate 11, Turn the p 
side down and the semiconductor chip t1 which formed the n lateral electrode 14 (Au-Ni 
electrode) in the surface of n form SiC substrate 11, and formed the p lateral electrode 15 
(aluminum-Si electrode) in the surface of the p form epitaxial layer 13 is inserted in the 
crevice 21 of the conical trapezoid of the cup shape frame 20, For example, the die bonded 
is carried out using the silver paste (Ag paste) 30. Then, wire bonding connection of the n 
lateral electrode 5 is carried out to other frame terminals with the wire 40, and it is further 
wrapped in the resin 50, such as an epoxy resin, by the resin molding. 
[0004]As shown, for example in drawing 6 , after forming the n form epitaxial layer 12 and 
the p form epitaxial layer 13 in order on n form SiC substrate 11, Mesa etching is carried 
out ranging from the p form epitaxial layer 13 to n form SiC substrate 1 1 , After covering the 
p form epitaxial layer 13 and a pn junction part by the protective film 16 which consists of 
Si0 o and aluminum O etc., for example, The p side is turned up, and the semiconductor 

chip t2 in which the p form electrode 15 and the n form electrode 14 were formed is 
inserted in the crevice 21 of the conical trapezoid of the cup shape frame 20, for example, 
the die bonded is carried out using the silver paste (Ag paste) 30. In this case, wire bonding 
connection of the p lateral electrode 15 is carried out to other frame terminals with the wire 
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40, and it is wrapped in the resin 50, such as an epoxy resin, by molding. 
[0005]ln these SiC light emitting diodes, In order that luminescence may take place mainly 
by the n form epitaxial layer 12 and current may moreover concentrate on the range with 
the about p lateral electrodes 15, If it sees from the n form SiC-substrate 1 1 or p form 
epitaxial layer 13 side, as shown, for example in drawing 7 , the luminous layer 17 of the 
same shape as the about p lateral electrodes 15 and a size will be observed. 
[0006]Although luminescence from this luminous layer 17 is emitted as it is mainly through 
n form SiC substrate 11 (or p form epitaxial layer 3), It can be emitted to the peripheral 
surface of the crevice 21 of the frame 20 from n form SiC substrate 1 1 , and the light 
reflected by the peripheral surface and the light which is emitted to the peripheral surface of 
the crevice 21 of the frame 20 from the n form epitaxial layer 12, and is reflected by the 
peripheral surface can be taken out. 

[0007]Annular V character slot which carries out a reentrant is formed in n form SiC 
substrate from p form epitaxial layer so that it may indicate, for example to JP,62-25472,A, 
and p lateral electrode may be surrounded, The thing which is made to reflect the light 
ejected almost in parallel with a pn junction surface in n form SiC substrate, and is made to 
emit from the surface side of n form SiC substrate is also proposed. 
[0008] 

[Problem(s) to be Solved by the lnvention]By the way, in these SiC light emitting diodes, 
The refractive index of 1 .4 to about 1 .5 and aluminum2 03 of the refractive index of Si02 
from which the refractive index of the epoxy resin which constitutes the resin 50 to the 
refractive indicees of SiC (6 H-SiC) being 2.6-2.7 constitutes about 1.5 and the protective 
film 16 is about 1.6. 

[0009]Thus, when the resin 50 and the protective film 16 with a large difference of the 
refractive index with SiC are in contact with SiC in the boundary, the critical angle which 
light reflects in the interface becomes small, the light volume shut up in semiconductor chip 
t1 and t2 increases, and there is a problem that the extraction efficiency of light falls. 
[0010]The purpose of this invention is to lessen light reflected on a boundary with n form 
SiC substrate 1 1 or the p form epitaxial layer 13, the resin 50, or the protective layer 16, 
and to raise the extraction efficiency of light. 
[0011] 

[Means for Solving the Problem]in order that the 1st SiC light emitting diode of this 
invention may attain the above-mentioned purpose, In a SiC light emitting diode with which 
a portion of the surface of a semiconductor chip except an electrode formation part, a rear 
face, or rear surface both sides was covered by a protective film, the above-mentioned 
protective film comprises an iron oxide film, a tin-oxide film, and a silicon oxide film which 
were formed outside in order. 

[0012]This invention the 2nd SiC light emitting diode of this invention, In order to attain the 
above-mentioned purpose, a SiC light emitting diode which has n form SiC substrate, n 
form epitaxial layer, p form epitaxial layer and p lateral electrode which were formed in a 

http://ww4.ipdl.inpit.go j^^ 3/6/2008 



JP,05-327012,A [DETAILED DESCRIPTION] 



Page 3 of 6 



rear face of this in order, and n lateral electrode formed in the surface of n form SiC 
substrate is characterized by comprising the following: 

A truncated cone form crevice in which n form SiC substrate carries out [ to / from the 

surface / near the n form epitaxial layer ] a reentrant. 

A reflection film formed in a peripheral surface of this crevice. 

[0013] 

[Function]ln the 1st SiC light emitting diode of this invention, an iron oxide (Fe 2 0 3 ) film, a 

tin-oxide (Sn0 2 ) film, and a silicon oxide (Si0 2 ) film are formed in order on the surface of 

SiC. The refractive index of the epoxy resin, as for the refractive index of Fe 2 0 3' the 

refractive index of 2.1 and Si0 2 forms 1.5 and resin to the refractive index of SiC being 2.7 

here, as for whose refractive index of 2.75 and Sn0 2 is 1.5. Therefore, since a refractive 

index changes gradually one by one with 2.7->2.75->2.1->1 .5->1 .5 and the difference of 
the refractive index in the interface of SiC and an iron oxide film, the interface of each film 
which forms a protective film, and the interface of a protective film and resin becomes 
small, Light volume which enlarges small the critical angle from which reflection in each 
interface takes place, and is shut up inside can be lessened, and the light volume emitted 
through n form SiC substrate from a luminous layer can be raised. 
[0014]ln the 2nd SiC light emitting diode of this invention, By forming the crevice which 
carries out a reentrant to n form SiC substrate to near the n form epitaxial layer, the interval 
from a luminous layer to an interface with n form SiC substrate, resin, or a protective layer 
becomes narrow, and it is emitted from the bottom of a crevice, without receiving most 
absorption of light by n form SiC substrate. Although this emitted light is dispersive, it can 
be made to eject outside by making it reflect with the reflection film formed in the concave 
peripheral surface. 
[0015] 

[Example]As shown in the sectional view of drawing 1 , the SiC-light-emitting-diode lamp 
concerning one example of this invention, Turn the p side for semiconductor chip t which 
has n form SiC substrate 1 , n form shrimp TAKISHARU layer 2, the p form epitaxial layer 3, 
the n lateral electrode 4, the p form electrode 5, and the protective film 6 down, and turn the 
n side up and it is inserted in the crevice 21 of the conical trapezoid of the cup shape frame 
20, For example, the die bonded is carried out using the silver paste 30. And wire bonding 
connection of the n lateral electrode 4 is carried out to other frame terminals with the wire 
40, and it is further wrapped, for example in the resin 50, such as an epoxy resin, by 
molding. The above-mentioned semiconductor chip t is formed for example, in drawing 2 
(A) - (F) by the procedure shown in order. [0016]lt is carried out. 

[0017]That is, first, as shown in drawing 2 (A), the n form epitaxial layer 2 and the p form 
epitaxial layer 3 are formed in accordance with a conventional method on the main field of n 
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form SiC substrate 1 which has a crystal form of 6 H-SiC. 

[0018]the thickness in particular of these n type epitaxial layer 2 and the p form epitaxial 
layer 3 is not limited - here - a conventional example - the same - the n form epitaxial 
layer 2 - a thickness of about 2 micrometers - the p form epitaxial layer 3 is formed in a 
thickness of about 1 micrometer. 

[0019]Then, as shown in drawing 2 (B) f the vapor etching in the inside of chlorine (Cl 2 ) gas 
performs mesa etching by making the patterned silicon oxide (Si0 2 ) film 60 into a mask 
agent. 

[0020]The depth of mesa etching penetrated the p form epitaxial layer 3 and the n form 

epitaxial layer 2, and its depth which also etches n form SiC substrate 1 a little was 

preferred, and it performed mesa etching about 5 micrometers deep here. 

[0021]Then, as shown in drawing 2 (C), while forming in the surface of n form SiC substrate 

1 the n lateral electrode 4 which consists of Au-nickel, the p form electrode 5 which consists 

of aluminum-Si is formed in the surface of the p form epitaxial layer 3. 

[0022]The thickness in particular of these electrodes 4 and 5 was not limited, but was 

formed in a thickness of about 1 micrometer like the conventional example here, 

respectively. 

[0023]Then, as shown in drawing 2 (D), after covering the p lateral electrode 5 with the 
photoresist pattern 70, the protective film 6 of the three-tiered structure of a Fe 2 0 3 film, a 

Sn0 2 film, and a Si0 2 film is formed in the surface of the p form epitaxial layer 3. 

[0024]Although the method in particular of forming this protective film 6 is not limited, a 
Fe O film, a SnO film, and a SiO film are formed in a thickness of 30 nm, 50 nm, and 

100 nm in order by the sputtering process in a method for forming thin film here, 
respectively. 

[0025]Then, after removing the photoresist pattern 70 by the lift-off method and completing 
patterning of the protective film 6 by the side of p, as shown in drawing 2 (E), The n lateral 
electrode 4 is similarly covered with the photoresist pattern 70, the protective film 6 is 
formed in the surface of n form SiC substrate 1, the photoresist pattern 70 is removed by 
the lift-off method, and patterning of the protective film 6 by the side of n is completed. 
[0026]Finally, the above-mentioned semiconductor chip t as shown in drawing 2 (F) is 
obtained by judging in a predetermined size by dicing. 

[0027]ln this SiC-light-emitting-diode lamp, The light which a luminous phenomenon 
happens and is mainly emitted from here in the range corresponding to the about p lateral 
electrodes 5 by the n form epitaxial layer 2, As an arrow shows to drawing 1 , mainly 
penetrate n form SiC substrate 1 and the protective film 6 by the side of n, and it is taken 
out, n form SiC substrate 1 is penetrated, and it is reflected and taken out by the peripheral 
surface of the crevice 21 of the frame 20, and also the n form epitaxial layer 2 is 

■ 

penetrated, and it is reflected and taken out by the peripheral surface of the crevice 21 of 
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the frame 20. 

[0028]Although it is reflected in the interface and the part of the lights which he follows to 
the interface of n form SiC substrate 1 and the protective film 6 by the side of n from the n 
form epitaxial layer 2 is shut up in semiconductor chip t, Since the protective film 6 is 
formed in the three-tiered structure with which a Fe 2 0 3 film, a Sn0 2 film, and a Si0 2 film 

are located in a line sequentially from the n form SiC-substrate 1 side in this SiC-light- 
emitting-diode lamp, Change of the refractive index from n form SiC substrate 1 to an 
emission direction changes gradually one by one with 2.7->2.75->2.1->1.5->1.5, Since the 
difference of the refractive index in the interface of n form SiC substrate 1 and an iron oxide 
film, the interface of each film which forms the protective film 6, and the interface of the 
protective film 6 and the resin 50 becomes small, The critical angle of reflection in each 
interface can be enlarged, and the light volume emitted through n form SiC substrate 1 from 
the n form epitaxial layer 2 can be raised. 

[0029]Although semiconductor chip t turns the p side down and the die bonded is carried 
out to the frame 20 in the one above-mentioned example, this invention can be applied, 
also when semiconductor chip t turns the n side down and the die bonded of the metaphor 
is carried out to the frame 20, as shown in drawing 3 . 

[0030]ln the SiC-light-emitting-diode lamp concerning other examples of this invention 
shown in drawing 4 again, the p side is turned down, and this semiconductor chip t turns 
the n side up, and is inserted in the crevice 21 of the conical trapezoid of the cup shape 
frame 20. And it has the reflection film 8 formed in the peripheral surface of the crevice 7 in 
which n form SiC substrate 1 of this semiconductor chip t carries out a reentrant to a 
conical trapezoid toward a rear face from the surface, and its crevice 7. 
[0031 ]As for this crevice 7, it is preferred to form deeply to near the n form epitaxial layer 2 
as much as possible, and that bottom counters the p lateral electrode 5, and it is widely 
formed so that the p lateral electrode 5 may be contained in projection of this bottom. 
[0032]The method in particular of forming the crevice 7 in n form SiC substrate 1 is not 
limited, for example, can be formed with photolithography technique. Namely, vapor etching 
of the surface of n form SiC substrates 1 other than the portion corresponding to the crevice 
7 is carried out at the temperature of nearly 1000 ** by using for example, a Si0 2 film as a 

mask material with the mixed gas of gaseous chlorine / oxygen gas / argon gas. 
[0033]The formation method in particular of the above-mentioned reflection film 8 is not 
limited, either, for example, what is necessary is just to form thin films, such as aluminum, 
by thin film coating technology, such as an electron beam and vacuum evaporation. 
[0034]ln this SiC-light-emitting-diode lamp, A luminous phenomenon mainly happens in the 
range corresponding to the about p lateral electrodes 5 by the n form epitaxial layer 2, Most 
lights emitted in n form SiC substrate 1 from here are emitted to the outside of 
semiconductor chip t, without being absorbed within n form SiC substrate 1, and the light 
which is going to enter into n form SiC substrate 1 again is reflected by the reflection film 8. 



http://ww4.ipdl.inpit.goj 3/6/2008 



JP,05-327012,A [DETAILED DESCRIPTION] 



Page 6 of 6 



Therefore, it can take out, without making most lights emitted in n form SiC substrate 1 from 
the n form epitaxial layer 2 absorb within n form SiC substrate 1 . 
[0035]Since it is necessary to hardly take into consideration the absorption of light by n 
form SiC substrate 1, even if the absorption of light is large, n form SiC substrate 1 with a 
low electric resistance value can be used, and power consumption can be saved. 
[0036]Since the composition of others of this example, the operation, or the effect is the 
same as that of them of the one above-mentioned example, these explanation is omitted in 
order to avoid duplication. The respectively same numerals and name as drawing 1 are 
given to the portion corresponding to each portion shown in drawing 1 in drawing 4 . 
[0037] 

[Effect of the lnvention]As mentioned above, in the 1st SiC light emitting diode of this 
invention, Since the refractive index will be gradually changed one by one by the time it 
forms the protective film 6 of the three-tiered structure of an iron oxide film, a tin oxide film, 
and a silicon oxide film on the surface of SiC and arrives at the surface of a protective film 
from SiC, Reflection in the interface of SiC and a protective film, the interface between each 
class in a protective film, or the interface of a protective film and the resin which wraps the 
circumference can be lessened, the light into a semiconductor chip can close, eye ** can be 
lessened, and the extraction efficiency of light can be raised. 

[0038]By carrying out the reentrant of the n form SiC substrate to near the n form epitaxial 
layer according to the 2nd SiC light emitting diode of this invention, Since the light made to 
emit is prevented from entering in n form SiC substrate again with a reflection film and it is 
made to reflect in the surface side of n form SiC substrate while making it emitted, without 
making most luminescence from n form epitaxial layer absorb in n form SiC substrate, 
extraction efficiency can be raised. 

[0039]Since it is necessary to hardly take into consideration the absorption of light by n 
form SiC substrate 1 according to the 2nd SiC light emitting diode of this invention, even if 
the absorption of light is large, n form SiC substrate with a low electric resistance value can 
be used, and power consumption can be saved. 



[Translation done.] 



http://ww4.ipdl.inpit.gojp/^ 3/6/2008 



JP,05-327012,A [DESCRIPTION OF DRAWINGS] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



Page 1 of 1 



1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] lt is a sectional view of one example of this invention. 

[Drawing 2] lt is a flow chart of the manufacturing method of the semiconductor chip of this 
invention. 

[Drawing 3] It is a sectional view of other examples of this invention. 
[Drawing 4] lt is a sectional view of other examples of this invention again. 
[Drawing 5] lt is a sectional view of a conventional example. 
[Drawing 6] lt is a sectional view of other conventional examples. 
[Drawing 7] lt is a top view of other conventional examples. 
[Description of Notations] 

1 n form SiC substrate 

2 n form epitaxial layer 

3 p form epitaxial layer 

4 n lateral electrode 

5 p lateral electrode 

6 Protective film 

7 Crevice 

8 Reflection film 

t Semiconductor chip 
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DRAWINGS 

[Drawing 1] 
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[Drawing 2] 
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[Drawing 4] 
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[Drawing 6] 
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[Drawing 7] 
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